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FLTGHT CHARACTERISTICS AT LOW SPEED OF DELTA-WING MODELS

By Marioan 0. McKinney, Jr., and Hubert M. Drake
SUMMARY

An exploratory investigation to obtain a survey of the flying
cheracteristics at low speeds of moiels with low—-aspect—ratlo delta
wings has been conducted In the Langlay free—flight tunnel. Four
models having triangular plan—form wings with 53°, 63°, 76°, =and
83° sweepback and five models having these sams wings with the tips
cut off to glve taper ratlos of 0.5 or 0.2 were used in this
Investigation.

It was found that the stability and control characteristics of
the models with 53° or 63° sweepback and aspect ratios of 2 or 3
were falrly good. The power—off glide angles, however, were wvery
steep at high 1ift coefficients. The Flight characteristics of the
models with 76° or 83° sweepback or aspect ratios of 1 or less were
unsatisfactory because of unstable rolling oscillations at high liftc
coefficients or because of excesslve changes in static longltudinal
stability over the 1lift range.

INTRODUCTION

Recent research has indlcated that increases in sweepback will
increase the critlcal speed of a wing and thereby increase the speed
at which compressibllity effects may cause a pronounced drag rise or
stability troubles. Below the speeds at which compressibllity effects
occur, however, the use of sweepback has Introduced new stabllity
problems in the high lift-coefficlent range. It has been shown in -
references 1 and 2 that, in order to have satisfactory longltudinal
stabllity at high l1ift coefficlents with a sweptback wing, 1t 1s
necessary to have low aspect ratlo, but the low—aspect-ratio sweptback
wings generelly have high effectlve dihedral at high 1ift coefficlents
and are thus subJect to poor Dutch roll stabllity. An investigation
of the low—speed serodynamic characteristics of low-aspect—ratlc wings,
reference 3, indicated that some delia wings (wings having roughly
triangular plen form with a sweptback leading edge and straight
tralling edge) might have fairly good low—speed stabllity charac—
teristics. Soms unpublished resulis on measurements of the drag of
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small models at supersonic speeds have Indicated that the drag of delta
winge might be lower than that of constant—chord sweptback wings for
gweep angles less than 65°. The delta wing also seems to have some
atructural advantege over the constant—chord sweptback wing. In
general, therefore, delta wings seem to deserve soms consideration

for use on high-speed airplanes.

Although the static stability characteristics of the delta wings
presented in reference 3 indicated that some of the wings might have
reasonably good flight behavior, the demping—in-roll derivatives were
out of the normsl range and some of the other stabllity derivatives
wore not known. Hence accurate estimates of the flight behavior could
not be made. An investigation has been made in the Langley free—flight
tunnel, therefore, to study the flying characteristics of soms models
with low-aspect-ratio delta wings. This investigation was of an
exploratory nature and was Iintended only to provide a preliminary survey
of the flyling characteristics of delta wings over a range of sweep
angles to determine wheather a detall study of delta wings is Justified.

Four triengular wings having a range of sweep angles between 53°
and 83° were tested, and esch of these wings was also tested with the
wing tips cut off to glve a taper ratio of 0.5. The 53° swept wing
was also tested with a taper ratio of 0.2, Inasmuch es these tests
were exploratory, the models were tested as simple flylng wings with a
vertical tall but with no horizontsl tall or fuselsge.

SYMBOIS
W welight of model, pounds
S wing area, square feet
St vertical tall area, square feset
b wing span, feet
c wing mean aerodynamic chord, feet
v eirspeed, feet per second
q dynamic pressure, pounds per square foot (-;ova)

-b2
A aspect ratio 5
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sweepback of leading edge, degrees

taper ratio M)

Root chord

radius of gyration of model sbout principal longlitudinal
axis of Inertia, feet

radius of gyration of model about principal lateral axis
of inertia, feet

redius of gyration of model about principal normel axis
of inertia, feet

rolling angular veloclty, redlans per second
mass density of air, slug per cublc foot
angle of attack, degrees

angle of sideslip, degrees

elevon deflection, degrees, subscripts r and 1 denote
right and left elevon deflection, respectively '

Inclination of principal longltudinal sxis of lnertia
relative to longitudinsl body axis, degrees, positive
when forward end of principal axis is above longlitudinal
body axis

1ift coefficient (L%)

Drag
drag coefficient
& cosrrictent (2528

(La.tera.l force)
@

laterel—force coefficient g

pitching-moment coefficient (Pitchin:zmomnt)
q

olling moment)

R
rolling-moment coefficient ( q§'E

awing moment
yawling-moment coefflicient 355
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C1 mexipam 1ift coefficient
ACz change of rolling-moment coefficient produced by elevons
a as allerons
Acna change of yawing-moment coefficient produced by elesvons
as allerons
c!b - rate of change of lateral—force coefficient with angle of
P
sideslip in degrees &;Z
Gz - rate of change of rolling-moment coefflcient with angle of
& .
P sldesllyp In degrees SE%)
an - rate of change of yeiwing—mmnt coefflicient with é.ngle of
Cp
sidsslip in degrees BB
Cz . rate of change of rolling-moment coefficient with rolling
P

velocity factor in radians Xy
(&)
g

APPARATUS AND TESTS

The present Investigatlon consisted of tests in the Langley free—
£light tunnel, which is described in reference L, to determine the
stebllity and control characteristics of each of the nine models shown
in figures 1 to 9. The models were simple flying—wing models with a
vertical tail at the tralling edge of the wing tut with no fuselage or
horizontal tail. The alrfoll used on the wings was a flat~plate type,

a sketch of which is shown in figure 10. This alrfoll was used because
1t wes simple to bulld and because, at low scale, the serodynamic
characteristice of dslte wings have been found to be virtually independ—
ent of the alrfoll section. This characteristic was Indicated by
comperison of the delta—wing data from reference 3 with some unpublished
German data on a simllar series of delta wings with NACA 0012 profiles
and with soms unpublished date on a 60° sweptback delta wing with an

NACA 0015-64 airfoil.

The control surfaces were constant-chord plaln flaps at the
tralling edge of the wing. These surfaces were of the type generally

¢
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called elevons; that is, the two surfaces were deflected up end down
together to serve as elevators and were deflected differentially to
serve as allerons.

The vertical talils used on the models verled in slze dbut were
geometrically simllar having an espect ratio of 2, taper ratio of 0.5,
end no sweep of the 0.5 chord line. The vertical tail arrangements
used on each of the models are illustrated in figures 1 to 9. These
arrangements conslsted of a elingle tall in the plsne of symmstry on
all of the models except model 2. This model was the first one tested
eand used a eingle tail in the plane of symmetry or two of these tails
at the wing tips which doubled the tail area. Model 2 was the only
one equipped with a movable rudder.

Inasmich as the present investigation was of an exploratory nature
and there was no precedent to indicate what mass cheracterlastics the
models should have, the models were simply ballasted to obtalin either
of the two center-of-gravity positions which were used during the tests.
Ro attempt to adJust the welght or moments of lnertia was made. The
mass characterlstics of the models, given in flgures 1 to 9, were
measured when the models were ballasted for the rearward of the two
center—of-grevity positions which were used during the testa. This
rearward center—of—gravity position 1s shown on the figures.

Photographs of two of the models flying in the test section of
the Langley free—flight tunnel are shown as figure 1l1.

Each of the models waes flight—tested over as wide & range of
1ift coefficient as possible with two center-of-—gravity positions and
with various vertical tall srrangemsnts in order to determine quali-—
tatively the stability and control characteristics and the general
flight behavior. General flight behavior is the term used to describe
the over—all flylng characteristics of a model and indicates the ease
with which the model can be flown, both for straight and level flight
and for performence of the mlild maneuvers possible in the Langley
free—flight tunnel. Any sbnormsl characteristice of the model are
generally Judged as unsatisfaectory general fllight behavior, inasmuch
as they are dieconcerting to the free—flight—tunnel pilots.. In
effect, then, the general flight behavior is much the same as the
pilotts opinion or "feel" of an airplane end indicates whethsr
stability and controllability are properly proportioned.

All the flight tests were made in power—off gliding flight.
The range of 1ift coefficient which could be covered in flight tests
was limited by the maximim speed of the tunnel which determined the
lowest possible 1ift coefficient. The highest 11ft coefficient was
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determined by the stall, by meximmm glide angle of the tunnel, or by -
poor flying characteristics. The two center—of-—gravity positions

corresponded to approximately 0.05 ani 0.10 static margin at moderate

1lift coefficlents (CI.z 0.6).

Force teste of each of the models were made to determlne the
stetic stabillity and control charecteristics over the entire speed
range. All of the forces and moments were measured wlth reference to
the stebility axes which are shown in figure 12 and to the resrward
center—of—gravity positions which are shown in figures 1 to 9. The
vaiues of the stsbility derivatives CYB’ ClB: and Cnﬁ were

determined from force tests made at angles of yaw of 5° and —°,

All the force tests were made at a dynamic pressurs of 3.0 pounds per
square foot which gave values of Reynolds number from 402,000

to 1,156,000 based on the mesan aerodynamic chords of the wings.

Tests were made to determine the damping-in-roll parsmeter CZP

for models L and 5 by the method described in reference 5. The
values of Clp for the other models were avallable and were taken

from reference 3.

RESULTS AND DISCUSSICN

Interpretation of Results .

The results of the force tests of some of the wings tested have
been compared with some unpublished date on a delta wing having
60° sweepback which was tested in the Langley full-scale tunnel.
The full-scale wing had a sharp leading edge which tended to produce
the sams type of flow as that encountered at low scale. Good agree—
ment was obtained between the lift, drag, and static stability
characteristics of the low—scale models and the full-—ecale wing with
a sharp leading edge. The results of the present low-scale flight
tests of delta wings, therefore, should give a fairly good indication
of the flight charscteristice to be expected of full-scale delta
wings heving sharp leading edges ané simllar mase charecteristics.
The sharp leading edge on the full-scale wing, incidentally, gave
highsr maximm 1lift velues than were obtalned with = round lesding
edge. Thus it appears that the free—~flight-tunnel models simulate
the more practical case.

The effecte of chenges in the mass characterlistics on the
flying characteristics of these delta—wing models were not determined. i
Some unpublished data from free-flight.~tunnel tests of heavier
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delta~wing models have Indlcated that increases in wing loading, of
two times and lncreases 1n moments of lnertia of about four times do
not heve an apprecieble effect on flying characteristics.

Preasentation of Results

The results of the force tests and damping-in—roll tests of the
nine models are presented in figurea 1 to 9 where all of the measured
aerodynamic charscteristics of & model are presented In the same
. figure. These fligures are placed 1n the body of the paper along
with the results and discussion so thet the-complete results (force
end flight) for each model may be presented together. The results of
the tests are also summarized briefly in teble I 1n order to facill-—
tate a comperison of the models. This type of presentation has been
used beceuse 1t appeared that the_ tests did not cover enough configu—
retions to Justify many general conclusions regerding the effects of
sweep end aspect retlo on the flying charecteristics of delta wings.
Inasmuich a8 the tests were made with such simplified models, it does
not appear that predictions of the flying characteristics of full—
scale delta-wing airplenes are Justified at the present time. No
attempt has been mede, therefore, to interpret the model results in
terms of full—-scale cheracteristics.
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Model 1

Longitudinal stebility and control.— The longitudinal stebility and control
characteriatics of the model, with either center-of-—gravity position, were fairly
good over the speed rangs covered in the flight tests (CL 0.20 to 0. 81) The

model wes not fiown at the stell; however, the force tests indicated that the
longitudinel stabillty at the stall would be satisfactory. There was, however,
some difficulty in esteblishing trim conditions and flying the models iIn the
free—flight tunnel. This difficulty may be due in part to unstesdiness of the
flow over the wing. Smoke—flow tests on a delta wing in the Langley full-scale
tunnel heve shown thet the alr going over the wing separstes from the surface at
the leading edge of the wing =snd forms two large vortices which rotate downward

at the center of the model and upwerd at the wing tips. This same type of flow
wes observed in flight tesis of one of the free—flight—tunnel models with streamers
of string atteched to the upper surface of the wing.

The principal cause of the difficulity in flying this model, however, was
apparently the large varlation of drag with 1ift which is generally a character—
1stic of low—aspect—-ratic swept wings and 1s shown by the force~test results.
This large variation of drag with 1ift caused large variations of glide angle
with 11ft coefficlent since the trim glide angle is a function of the drag-lift
ratio. The minimum glide angle occurred at a falrly low 1ift coefficient
(CL ~ 0.3) for the model instead of meer ths stall as with conventionszl models.

The response of the model to the elevator control was normel when the model was
trimmed to fly at 1ift coefficients below that corresponding to the minimm glide
angle. Thet is, deflecting the elevator downward increased the glide angle and
deflecting the elevator upward decreased the glide angle. When the model wes
trimed to fly at 1lift coefficients above that corresponding to the minimum
glide angles, however, the response of the model to the elevator was not normsl.
Deflecting the elevator downward caused the glide angle to become steeper for a
short time until the speed of the mcdel increased and spproached the new trim
apeed. The glide angle then became flatter as the model approached the new trim
condition. The opposite dynamic behavior followed an upwerd elevator deflection;
that is, the glide angle at first was fletier and then became steeper as the new
trim condition wes approsached.

Lateral stability end control.— The lateral stability and control character—
istics of the mcdel were good over the spsed range covered in the flight testis.
The force tests indicate that the effective dilhedral =s measured by the
paremeter —czﬂ wes slightly negative at the stall. The model was not flown at

the stall but experience with conventionsl models (reference 6) has indicated
that a small amocunt of negative effective dihedral 1is not particulariy
obJectioneble.

General flight behavior.— The general flight behavior of the model was
falrly good. The only difficulty which was encountered was csused by the unusual
effect of elevator conitrol on glide angle which previously bas been described.
At times this cheracteristic was very troublesome to the pllot because of the
difficulty it ceused in determining which direction to move the elevator to ceuse
the model to move up or down within the tunnel. A brief deflection of the elevator
caused one effect whereas holding that deflection caused the opposite effect. The
significance of this response to the elevator for the pllot of the full-scele
airplane has not been definitely determined, but NACA pilots believed that this
behavior would be objectionable.

With no vertical tail, the model could be flown at high 1lift coefficients
although the general flight behavior was poor because of Insufficient directional
stabllity. At low lift coefficients without a vertical tall, however, the
directional stability was 2o low that no flights were possible.
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Model 2

Longitudinel stability and control.— The longitudinal stability and control
characteristices of the model, with elther center—of: vity positlon, were falrly
good over the entire speed range (CL'= 0.15 to 0.84). The same obJjectionable.

variation of glide angle with lift coefficient wes encountered, however, as was
encountered with model 1. These characteristics are discussed 1n detall for
model 1.

When the center of gravity was in the reasrwsrd position,a meximm 1ift
coefficient of 0.8% was obtained with —9° elevon deflection. Increasing the
upward elevon deflection sbove —9° resulted in a decrease 1n lift coefficlent
until the stall wae reached with —32° elevon deflection. This unusual behavior
is indicated by the pltching—moment curves from the force tests and is a
charecteristic of the tallless configuration which was tested. The longltudinsl
stability of the model at the stall was considered satisfactory.

Lateral stebility and control.— The lateral stability of the model, with
elther vertical tall arrangemsnt, was good over the entire speed range and
apparently increased with increasing 1lift coefficient. The directional inste—~
bility at the stall shown by the force teste for the configuration with the
small tail was not encountered in the flight tests. Apparently deflecting the
elevons upward for longlitudinal trim caused an increesse in the direction=l
stability at the stall.

The lateral control characteristics of the model were good over the speed
range between 1lift coefficlents of 0.15 and 0.84 when the elevons alone were
used for control. As the elevon angle was increased above that required for
meximm 11ft, however, the effectiveness of ths elevons in controlling the model
was reduced untll at the stall the elevons were virtually ineffective. When the
rudder wae used as the sole lateral comntrol,thes model conld be flown at low and
moderate lift coefficients but could not be flown at high 1ift coefficlents
because there was insufficient dihedral effect to roll the model. The force
tests show this drop 1n effective dihedral at high 1ift coefficlents.

The flying characteristics of this model indicated that it was umecessary
to use the rudder when the elevons were used to roll the delta—swing model because
there was no apparent adverse yawing in a roll with the elevons alone. This
characteristic may be attributed to the favorable yawling moment due to elevon
deflection at low 1lift coefficients shown by the force tests and to favorable
yawing momente due to rolling at high 1ift coefficlents. It is shown In
reference 7 that highly swept wings have favorable yawlng moments due to
rolling at moderate end high 1i1ft coefficlents.

Geperal flight behavior.— The general f£light behavior of the model was
falrly good with elther center—of—gravity position or vertical tail arrangement.
The unusual variation of glide angle with 1lift coefficient caused the same
difficulty that was experienced with model 1.

The reduction in the rolling effectliveness of the elevons with increasing
angles of attack sabove that required for meximm lift was partially compensated
by the increase in lateral stabllity, so that the model could be flown steadlly
elthough it was not very meneuverable. Ths model could not be flown at the
stall, however, because the elevons were virtually ineffective for rolling the
model sc that the mild roll off at the stall could not be controlled.

With no vertical tail the model could be fiown satisfactorily at high
lifts, but at low 1ift coefficlents the general flight behevior wes unsatlisfactory
for the teil-off configuratlion because of imsufficient directional stebility.
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Model 3

Longitudinal stabllity and control.— The longltudinal stability and control
characteristics of the model were unsatisfactory becsuse of an excessive
variation of static longttudinsl stabllity with 1ift coefficlent. This
variation is Indicated by the pltching-moment data from the force testa which
show a change in static margin dcm/ch of about 0.2 over the range of 1lift

coefficient. When the center of gravity of the model was In the rearward
position the longitudinel stabllity was unsatisfactory at low lift coefficlents
because of low statlic longitudinal stabillity. The static longltudinal stability
increased with increasing 1ift coefficlent, however, and the longitudinal.
atabllity was satisfactory at moderate and high 1lift coefficients. When the
center of gravity was 1n the forward posltion the model hed sufficlent statlc
longitudinal stebility at low 1lift coefficlents, but because of the increase

in static stability with increasing 1ift coefficlent, the elsvons .- could not
trim out the large pitching momenis at high 1ift coefficlents and could not
trim the model to 1ift coefficlents above a value of about 0.75.

In addition to these longltudinal stabllity and control troubles the
variation of glide angle with 1ift coefficlent caused the same difficulties
as were encountered with model 1. These difficulties are discussed in detail
for model 1. .

The model was not flown at the stall, but the force—test data indicate
that it wes statically stable at the stall.

Lateral stebllity and control.— The model, with elther vertlcal tail,
had good lateral stebility over the speed range covered Iin the flight tests

-(CL = 0.21 to 0.83), and the stability of the lateral osclillations appeared

to increase with increasing lift coefficient.

The lateral comtrol characteristlics were good at 1lift coefficlents below
a value of 0.70. At higher 1ift coefficlents, however, the response of the
model to the controls was weak. This wealkness might be attributed partly to
the large adverse yawing moments (fig. 3) caused by the short-span, wide—chord
elevons used on this model. The adverse yawlng dus to elevons and the high
effective dilhedral of this model evidently ceused large rolling moments which
opposed ths elevon rolling moments at high 11ft coefficients and thus reduced
the rolling effectiveness of the slevons.

Gensral flight behavior.— The general flight behavior of the model was
unsatisfactory because of the exceassive varlation of static longitudinal
stabllity with lift coefficlent. This varlation caused the model to have
unsatisfactory longitudinal stability at low 1ift coefficlents when the
center of gravity was in the rearward positlon or caused the elevons to be
inadequate for trimming to high 1ift coefficients when the center of gravity
was in the forward position. Although some intermsdlate center of gravity
might give satisfactory flight behavior over the entire speed range, this
plan form does not seem to be practical for talllsse alrplsnes because of the
limited allowable center—of—gravity movemsnt,

The lateral flight behavior was good at 1lift coefficlents below 0.T70 but
was only fair at higher 1ift coefficlents because of the decrease in the
effectiveness of the lateral controls.
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Model L

Longituiinal stablllty and control.— The longitudinal stability
and control characteristica of the model, wlth elther center—of—gravity
position, were found to be falrly good over the entire spesd range
(CL = 0.10 to 1.06). The only undesirable longltudlnsal characteristic

was the unusual response of the model glide angle to elevator
deflection. This characteristic has been discussed in detall for
model 1 which had the same type of bshavior. Model L was flowm at
the stall, snd 1ts longlitudinal stabllity and control characteristics
in this condition were consldered falrly satisfactory lmasmuch as the
model was stable and recoveries could generally be made from the
stalled condition by means of the elevons.

Lateral stabllity andi control.— Ths lateral stebllity of the
model, with either vertlical tall, was fairly good ovsr the entlire
speed range. Although there was a noticsebls reductlion In stabllity
with inzcreaBing 1ift coefficlent, the lateral stabllity appeared to
be satlsfactory for the controls—fixed case. At times, however, when
there was play in the elevon control system, a small-emplitude, steady
rolling oscillation was evident at 1ift coefficlents above a value of
about 0.70.

The lateral control characteristlics of the model were good at
lift coefficients below a value of 0.75. At higher 1ift coefficlents,
however, there was noticeable decrease in the effectivensss of ths
controls as the 1lift coefficient was increased. At the stall thse
effectiveness of ths elevone for rolling the model was too low to
be satisfactory.

. General flight behavior.— The general flight behavior of the
model was falrly good. In spite of the fact that the lateral
stability ani control effectivensss decreased with increasing 1ift
coefficient, thes model was easy to fly at high 1ift coefficlents.

Tt was quite steady at high 1lift coefflcients although 1t was not

as mAansuverable as mlight have been desired. There were two objsctlion—
able points about ths flight bshavior, howsver, which should be
pointed out. Tnhne unusuzsl response of the model glide angle to
elevator deflection caused some difficulty, and the low rolling
effectiveness of thsealevons at the stall was definitely obJectionable
because the model could not always be controlled in = stall although
the roll-off was very slow.

The general flight bshavior of the model was poor when 1t was
flown without a vertical tail bezsuse of high dihsdral sffect ani
low directional stabllity. Tnis coxbination of factors caused
excesslve yawing so that the rolling moments due to sideslip often
overpowered those due to the elevons.
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Model 5

Tongitudinal stability and control.— The longltudinal stabllity snd control
characteristlics of Lhe model were unsatisfactory because of excesslve changes
in static stability. This same difficulty was encouniered with model 3 and Is
discussed in detail for that model. In addition to this longitudinal stebility
and control trouble, the umusual variation of glide angls with 1ift coefficlent
ceused the same dlfficulties as were encountered with model 1. These diffi—
cultles are dimcussed in detall for model 1. Model 5 was not flown at the
stall, but the force—test dat® indicated that the statlic longlitudinal stabllity
at the stall wes satisfactory.

Lateral stability end comtrol.— The model, with either vertical taill, hed
good Iateral stabllity at 1iit coefficients below 0.75 but a constant—amplitude
isteral oscillatlion was evident at lift coefficlfents ebove 0.75. The ampiitude
of this oscillation appeared to Increase with increasing 1ift coefficlent to
an amplitude of sbout £10° bank at a 11ft coefficient of 1.00. These lateral
oscillations appeared to be almost pure rolling oscillations with no evident
yawing. The motion, however, was probably the familisr Dutch-roll osclllatlion
with the rolling predominatlng in this case because of the relatively large
values of effective dihedral snd small values of rolling moments of inertia
and the damping—in-roll perameter czp. This combipation of facftors tenmds to

cause lerge rolling motions, end the relatively large values of yawing moments
of Inertla and directional etability tend to suppress the yawing motion. The
1ift coefficlent at which the rolling osclllation becems unstable was approxi-—
mately the same as the 1ift coefficient at wiich the demping in roll 07’9

becams unatable (see Fig. 5). Thus 1t appears that the constant—emplitude
rolling oscllliations and subsequent rolling Instebility were canged primerily
by emall or unstable values of demping in roll.

The Isteral control characteristics of the model were good over the speed
range covered In the flight tests (G = 0.21 to 1.00}. There was, however, a
noticesble reduction in the rolling effsctivenssa of alevons with increasing
11ft coefficient sbove a velue of 0.75. Thls reduction in elevon effectlveness
was evidently caused by the adverse yawlng momentse due to elevon deflection
(shown In fig. 5) which caused apprecleble rolling moments dne to sideslip
to oppose the elevon rolling moments.

General flight behavior.— The general flight behavior of ths model was
unsatisfactory for several reasons. The variation of static longitudinal
stebtltty with 1ift coefficient caused the model to have ungatisfactory longi—
tudinal stabllity at low 1ift coefficlents when the center of gravity was in
tha rearwerd position, or caused large pitching moments at high 1ift coeffi—
clents which could not be trimmed out by the elevons when the center of gravity
was In the forward position. The unusual response of ths model glide angle to
alsvator deflection was objectionsble. The constant—emplitude rolling oscll—
lation et 1ift coefficlents sbove a value of 0.75 wae definitely obJjectionable.
The modsl responded to the cantrols, however, and could be fiown within the
confines of the tummel in spite of the fact that the pilot could not atop the
roliing oscillation. The constent—emplitudse, high—frequency rolling
oscillation was superimposed on the motfons due to the controls.
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Model 6

. Jongitudinal stability and control.— The longitudinal stabllity
and control characterlistics of the model, with either center—of-—gravity
position, were falrly good over the speed range covered in the flight
tests (CL = 0.23 to 0.50) « The same difficulties in establishing

" trim conditions and flying the model were encountered as were
encountered with model 1. The model was not flown at the stall, but
the force~test data show static longlituidinal instabllity at the stall.

. Lateral stability and control.— The model had falr lateral
stablllty at 1ift coefficlents below 0.32 with elther vertical tall.
A constent—emplitude rolling oscillatlon similar to that obtained
"wilth model 5 was encountered at 1ift coefficlents between 0.32
and 0.50. At lift coefficlents above 0.50 the rolling oscillations
were unstable and increased in amplitude untlil the model rolled
completely over.

The leteral control chesracteristics of the model were good over
the speed range covered in the flight tests. ’

General flight behavior.— The general flight behavior of ths
model wes felr et Lift coefficlents below 0.32 with elther vertical
tail. At highsr 11ft coefficients the general flight behavior was
poor. The model could not be flown at 1ift coefficients gbove 0.50
because of the unstable rolling oscillation which caused the model
to roll completely over out of control. The model could not be
flown without a vertical tall in spite of the fact that ths force
tests showed a falr amount of directional stability. The effective
dihedral was high in proportion to the directionsl stabllity and the
damping in roll was low. Because of this combination of factors,
the model would roll off rapidly when it yawed, and the rolling
moment due to the sideslip generally overpowered that due to the
elevons so that the model could not be controlled.
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Model 7

Longitudinsl stebillty end control.— The longltudinsl stability
and control characteristics of the mpdel, with elther center—of-gravity
osition, were good over the speed range covered in the flight tests
ch = 0.12 to 0.28). This model was not flown at the stall, but the

force—test data indicate static longitudinel instability at ths stall.

Lateral stabllity and control.— Ths model had fair lateral
atability at 1ift coefficients below 0.18 with either vertical tail.
A constent-amplitude rolling osclllation similar to that described
on model 5 was encountered at 1ift coefficlents between 0.18
and 0.28. At 1lift coefficients sbove 0.28 the rolling oscillstions
were unstsble as on model 6.

The lateral control cheractsristics wers good at 1ift coefficlents
below 0.24%. At higher 1lift coefficients the lateral control became
weak.

General flight behavior.— The general flight behavior of the
model was felr at 1ift coefficient below 0.18 with either vertical
tall. At higher 1lift coefficlents the general flight behavior was
poor. The model could not be flown at 11ft coefficlents above 0.28
becauss of the unsteble rolling oscillation. The model could not be
flown without a vertlical tall beceuse of insufficient directionsl
stabllity.
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Figure 8.~ Asrodynsmic characteristics of model 8.
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Model 8

Longitudinel stabllity and control.- The longltudinal stablility
and control characteristics of the model, with elther center—of—gravity
position, were good over the speed range covered in the flight tests
(cL = 007 to 0.28). This model was mot flown et the stall, but the

force—test data indicate static longltudinal Instablility at the stzll.

Lateral stability snd control.— The model had falr lateral
stabllity at 1ift coefficients below 0.18. - A constent—amplitude
rolling oscillation similer to that of model 5 wae encountered at
higher 1ift coefficlents bstween 0.18 and 0.28. At 1ift coefficients
above 0.28 the rolling oscillations were unsteble as on model 6.

The lateral control charscteristics were good at 1lift
coefficients below 0.24. At higher 1lift coefficients the lateral
control becams weak.

General flight behavior.— The general flight behavior of the
model was falr at 1lift coefficients below 0.18. At higher lift
coefficients the genersl flight behasvior wes poor. The model could
not be flown at 1lift coefficients above 0.28 because the rolling
oscillation was unstable.
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Figure 9.« Asrodynamic characteristios of model 9.
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Model 9

Iongitudinal stability and control.— The longltudlnal stability
and contrpol characteristics of the model, with either center—of-gravity
poslition, were good over the spesd range covered in the flight tests
(cL = 0.12 to 0.20). This model was not flown at the stall, but the

force—test data indicate static longitudinal Instability at the stall.

Lateral stabllity and control.— The model was laterally stable
at 11Tt coefficients below O.17. A constant—amplitude rolling
oscillation similer to that obtalned with model 5 was encountered at
1ift coefficients between 0.17 and 0.20. At 1lift coefficlents
above 0.20 the rolling oscillations were unstable as on model 6.

The lateral control charscteristice were good over the speed
range covered in the flight tests.

General flight behavior.— The genmeral flight behavior of the
model was poor at 1ift coeffliclents below 0.20. The model rolled
80 rapidly as & result of external disturbances that it was almost
unflyseble. At 1ift coefficients above a wvalue of 0.20 the model
beceme unflyable because of the unstable high—freguency rolling
oscillation.
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SUMMARY OF RESULTS

Models 1, 2, and 4 had very similar flying characteristics.’
Models 1 snd 2 had 53° sweepback and aspect ratios of 3 and 2,
respectively, whereas model L had 63° sweepback and an aspect ratioc
of 2. The general flight behavior of these models was fairly good
and compared favorsbly with that of good conventionel models except
for an unusual response of the model glide angle to elevator
deflection. This characteristic, which 1s described in detall for
model 1, wes objJectlionsble to the free—flighi~tunnel pilot although
the models could be flown falrly easily once the trim conditions of
alrspeed and gilide angle were established. NACA sirplane test
pilots have expressed an opinlon that this unusual response to the
elevator control would be obJectionable to the pillot of a full-scaele
airplane.

The r—off glide angles of these models was very steep
(about 30° at the stall) at high 1ift coefficlents because of the
sweepback and low aspect ratio of the models. Theae steep power—off
glide angles, and consequent high sinking speeds, would probably
constitute a major hazard.

' Models 3 and 5, which hed 53° and 63° sweepback end aspect
ratios of 1 and 2/3, respectively, had similar unsatisfactory longi—
tudinal stabllity and control characteristics which were caused by an
excessive change in static longitudinal stablility over the speed range. -

Models 5 to 9 had unsatisfactory flight behavior because of
high—frequency, constant—emplitude, or unstable rolling oscillations
at high 1lift coefficientas. In addition to the poor latersl staebility
charscteristics, models 6 to 9, which had sweepback angles of T76°
and 83° and aspect ratios between 1 and 1/6, had static longitudinel
instability at the stall.

Langley Memorilsl Aeronsutical Laboratory
National Advisory Committee for Aeronsutics
Langley Field, Va.
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TABLE I.- SUMMARY OF STABILITY AND GONTRCL CHARACTERISTICS OF TEE MODXLS

Range 01,,“
Plan form of Cr, o Longitudinal Lateral
flewn | B = O characteristios characteristics
Good at speeds covered in Good at speeds covered in
0.20 flight tests. Force tests flight tests. TYoroe tests
to 0.97 indicate stability at the indicate good bebavior up
0.8 stall to the atall
0.15 1,00 Good over entire speed range Good over entire speed range
to
0.84
Unsatisfactory becanse of Stability charwoteristics
o.a 1.35 large change in statie good at apeeds covered in
te stability over the speed flight tests. Gmol weak
0,83 renge l.tvéiﬁ coeftiol above
ol
0;:.0 1.27 Good over entire speed renge Good over entire spsed range
1,06
[+ 8-+ § Unsa beceuse of Good at 1lift coeffiolexts
to 1.45 large change in statis below 0,75. Steady rolling
1.00 stability over the speed osoillation at lower speeds.
range Control week at 1ift eeeffi-
elents above 0.75.
Good at speeds aoversd in Fair at 1ift coefficients
flight tests, Force tests below 032- 2";“?!011*'8
oscillation a ower .Mo
0;:3 113 show instability at the stall Unflysble at 127t coeffi-
0.50 oienta above 0,50
Fair at 11t coeffiolients
Geod at speeds covered im below 0,18, Steady rolling
0.12 1,00 flight testa. Foroe teats cacillation at lower speeds.
to show imstability at the stall Unflysble at lift eoceffi-
0.8 alents above 0.28
Good at spesds sovered im Fair at 1ift cosfficientis
flight tests. Perce tests below °;1-:; .2*;“’7 rolling
0,07 | 0.82 | show imstabllity at the stall | o ryyable at 118t eceffi-
0.2 elents above 0,28
Good at speeds covered in Poer at 1ift cosffislenta
714 testa. Foroe tests belew 0,17, Unflyable at
Az 8s® 0.12 | 0.69 show inetability at the stall 1ift coefficlents above 0,20
A z 0,17 to »
Az o5 | 0.20
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(2) Model 8.

(b) Model 4.

Figure 11.- Delta-wing models ﬂyihg in the Langley free-flight tunnel.
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Figure [2:7he Stability Systern of axes. Arrows indicale
pasitve  directions of moments, forces, and control-
sufoce deflections. This sysfemn of axes 1s defined as
an orthogonal sysfern  having their origin at the
center of grawfy and In which the Z-axis s /0 the
. plane of symmetry and perpendicular fo the relative
wird, the X-aws 1s in 1he plane o symmetry  and
perpendicular to the Z-aws, and the Y-axis 1s
perpendicular  fo the plare of  symmelry.
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